Weights and other measurements of the brain are available for a number of Old World species of birds (see Portmann and Sutter, 1940; Portmann, 1942 Portmann, , 1946 Portmann, -1947 Portmann, , 195.5, 1959 Sutter, 1943; Stingelin, 1957 Stingelin, , 1960. Few data are available for New World species. Hancock (1887, 1888) has given brain weights for a few North American species, and there is a list of weights of organs presented by Crile and Quiring (1940) which includes some data on brains.
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Harrison, 1949:62). It should be noted, however, that the skull ossification pattern may at times be misleading. Selander (1958:369) found that in some populations a few birds do not complete ossification during the first year. Reference to significance in this paper indicates statistical significance at the one per cent level of probability (or better) based on the t test. We have also noted certain apparent trends that appear in species after species but which need to be tested statistically with larger samples of specimens.
Because we have information on the early postembryonic stages of brain growth in the House Sparrow, but not for other species, we will discuss this sparrow first and the others in phylogenetic sequence.
BRAIN WEIGHTS IN VARIOUS SPECIES
House Sparrolu.-The fresh brains of two neonatal House Sparrows weighed 82 and 88 mg. From this stage, brain weight increased rapidly to 850-950 mg. in juveniles 15 to 20 days of age. The brain reached its maximum weight (1140 mg.) about 35 to 40 days from hatching, and then started a gradual decline ( fig. 1 ). It continued to lose weight at least beyond the completion of skull ossification, that is at 180 to 190 days of age (Nero, 1951:85) .
The regression line for decrease in brain weight in the House Sparrow ( fig. 1 ) indicated an average loss of about 0.7 mg. per day between the ages of 35 and 180 days. At this rate of decline, the age represented by the mode of brain weights (910-920 mg.) in our sample of adult specimens would be about 10 months. The lowest brain weight in adults in our sample was about 800 mg., the equivalent of 16 months on the regression line. Our extrapolation assumed a constant rate of decline, and although the rate appeared to be fairly constant to the age of about 180 days, it is possible that in older birds the loss in brain weight either slows in rate or stops altogether. Data presented by Sutter (1943:40) showed that in the Starling (S~WRWS vlclgatis) the weights of the cerebral hemispheres and cerebellum were still declining in birds 330 days old, whereas the brain stem (especially) and corpora bigemina actually increased slightly in weight in birds over 150 days of age.
The bird brain is largely water, and its presence accounts for most of the difference in brain weight between immatures and adults. The sequence of changes in hydration of the brain in the first 30 to 40 days of a bird' s life is especially interesting ( fig. Z) , because throughout this period, during both the initial saturation and the later reduction in water content, the brain is increasing in weight at a rapid rate ( fig. 1 ). During early nestling life the striking increase in brain weight represents mainly increased hydration. The protein and lipid components of brain tissue develop mainly just before and after the bird fledges. Between the time of fledging (about 15 days) and the attainment of maximum brain weight (about 35 to 40 days), brain growth represents a great increase in the dry-matter content and a consequent relative decline in the water content of the tissue. In early (post-hatching) stages of brain development, then, weight changes reflect, first, a phase of marked hydration with little tissue growth, and, second, a phase of rapid tissue development and relative dehydration. In the later juvenal stages (after 35 to 40 days of age) water content of the organ declines very slowly as the bird matures ( fig. 2) .
Even juveniles between the ages of 100 and 180 days had heavier brains than adults. For juveniles in this age group, fresh brain weight averaged 1031 mg. (water content, 805 mg. or 78.0 per cent of fresh weight; fat content, 90 mg. or 8.6 per cent). Average brain weight for adults was 922 mg. (water content, 713 mg. or 77.3 per cent; fat, 89 mg. or 9.7 per cent). Except for lipid weights, differences in brain weights between adults and immatures were significant at the one per cent level. Although the difference in lipid content was not significant, it should be noted that nearly every species examined showed the same trend, that is, fat weights were higher in immatures than in adults. The data suggest that fat content of the brain reaches a peak either in the later juvenal stages or in the young adult.
Brain weight in the House Sparrow did not appear to vary seasonally. Eleven adult males collected in June and July had an average gross weight of 28.3 gm. and a mean fresh brain weight of 938 mg. In a November sample of 11 adult males, gross weight was up to' 30.4 gm., but brain weight (93.5 mg.) did not differ significantly from that in the summer sample. Our data also suggest that there is no diurnal variation in brain weight in the House Sparrow; specimens collected at 6:00 a.m. (CST) had the same average brain weight as specimens collected at noon and 8 :00 p.m. on the same day.
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Gray-cheeked Thrush.-Our sample of 29 Gray-checked Thrushes (Hylocichlu minima) included nine known immatures. As in other species the brains of immatures weighed significantly more than those of adults. Among immatures the youngest birds had the smallest brains, suggesting that brain growth was still in progress in these specimens. These youngest birds were probably at least 30 days old; late egg dates for this species occur in July (Bent, 1949: 199) . From this age, the increase in brain weight appears to represent water as well as protein and fat (fig. 4) Sutter (1943, 1944, 1950) , Kocher (1948) , and Haefelfinger (1958) provide extensive data on various aspects of the subject for species of Gallus, Phasianus, Cotwnix, Melopsittacus, Columba, Tyto, Micropus, Apus, Jynx, Cmvus, Turdus, and Sturnus. Portmann (1938 Portmann ( , 1946 Portmann ( -1947 Portmann ( , 1959 and Sutter (1943 Sutter ( , 1951 ) particularly, pointed out basic differences in brain development between altricial and precocial species. The brains of precocial species, advanced at hatching, have generally low cerebral indices, while altricial species, poorly developed at hatching, attain high cerebral development (see also Portmann and Stingelin, 1961: 7). The time of completion of the mitotic phase of brain development is apparently unknown for any altricial species, but in the precocial chicken, the cell pattern of the brain is essentially that of the adult pattern by the 12th day of incubation, although the cells are small and growth from this stage involves expansion of cell size (Romanoff, 1960: 280) .
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The pattern of postnatal development of the brain is apparently very similar in a number of passerine species. The sequence of events in this development parallel, to some extent, the development of the skull and the growing need by the bird for an THE CONDOR Vol. 67 increasingly complex central nervous system. The cerebral requirements of the altricial neonate are modest, and the precipitous weight increase of the brain during early nestling life represents marked hydration rather than rapid protein or lipid formation. In this period, water comprises well over 90 per cent of the brain' s weight ( fig. 2 , and Sutter, 1943: 67). The lipid and protein content is thus necessarily low at this stage. The significance of the marked hydrocephaly in the nestling is unknown. This abruptly increased water load in the cranium must represent something of a physical burden to the neonate, which often seems to be straining to hold its head aloft to feed, and typically rests with head deeply bowed ("egg" or "embryo" posture). Banks (1959: 100) noted that this posture was characteristic of nestling White-crowned Sparrows (Zonotrichiu Zeucophrys) until the fifth day. Water, although heavy, would appear to be an excellent protective matrix in which to grow delicate nerve tissue. Young tissues in general seem to be characterized by high water content.
Just as the early postnatal weight increase of the brain is characterized by hydration, the immediate pre-and post-fledging period is characterized by the marked increase in lipid and protein components. Migrants, such as immature thrushes of the genus Hylocichla and northern warblers, were apparently still adding to the lipid and protein content of their brains during migration hundreds of miles south of their nesting grounds; thus, this phase of the development may continue for months. Behavioral changes appear to be correlated with these chemical changes. Kuhlmann (1909: 56) Protracted brain growth in passerine birds is particularly interesting in view of the relatively sophisticated behavior (nest building, parental behavior, and so on; see Nice, 1943 Nice, , 1962 evinced by some juveniles during the postfledging period. Pertinent here is the relationship between brain growth and orientation ability of birds. The native species considered in this paper are all primarily nocturnal, longdistance migrants of acknowledged orientation ability. We might logically expect that this ability has some dependence on the brain, yet most of the immatures were still in the process of developing the makeup and organization of the mature brain. Sauer (1958) showed that navigation ability is exhibited by immature birds, but the question of when the ability arises, relative to the course of brain development, remains to be answered.
BRAIN WEIGHTS, MATURATION, AND AGEING
Following the sharp increase in brain weight from the time of hatching through a hydration stage in early nestling life, and (later) a rapid tissue-growth stage, the brain in passerines reaches its maximum weight sometime before skull ossification is completed. The time required to attain maximum brain weight varies between species. For example, the House Sparrow and the Starling achieve maximum brain size at about 30 to 40 days of age ( fig. 1 ; Sutter, 1943:37), whereas the brain of the Alpine Swift (Apus melba) is still increasing at 5.5 days (Kocher, 1948:63) The principal gross constituents of the brain (water, protein, and lipids) all vary in quantity with age. In the postfledging period, when brain weight in passerines reaches its peak, the water content of the brain is at its maximum weight, although not its maximum percentage (fig. 2) . Beyond this stage, the water content of the brain (both weight and percentage) declines, while its fat content (percentage, but not necessarily weight) is increasing. These changes have definite parallels in other animals. In the human brain, water decreases with maturation of the individual, while cholesterol and other lipids increase (Macarthur and Daisy, 1919:467-468). In the rat, water content of the brain declines at least to 530 days of age (Donaldson and Hatai, 1931:289) . This change is particularly striking in the brain stem of the rat, but in birds (see Koch and Riddle, 1919:96; Sutter, 1943 :40) the cerebrum shows the most marked dehydration. Because water so dominates the pattern of weight changes in the brain, it may be misleading to emphasize the relative (percentage) changes in the brain' s fat and protein content. In the absolute terms of weight, even the protein and fat content of the brain appears to decline in passerines after reaching a peak during maturation. In nearly every species examined, the weight of fat in the brain was higher in immatures than in adults. Fat content of the brain apparently reaches a peak in the young adult or in the immature at about the time the skull becomes fully ossified.
In passerine birds, decline in brain weight during maturation continues at least beyond the time of complete skull pneumatization ( figs. 1, 4, 6, 8 Gerontology, even relating to human studies, is in its early stages, but it is known that the central nervous system in particular shows the effects of age (Shock, 1962: 100-102).
The weight loss of the brain, with age, may to some extent represent the disintegration of nerve tissue. Ellis (1920: 24) observed that the number of Purkinje cells in the human cerebellum declines steadily from birth to old age and (p.32) this decline appears to be correlated with the impairment of motor strength and skill in old age. Similarly, in examining chicken cerebellums, we have often seen Purkinje cells in various stages of disintegration. Although cut nerve fibers have been known to regenerate (Young, 1948:57) , degenerating neurons are rarely replaced, at least in mammals (Maximow and Bloom, 1952:196) .
Apparently, little is known about ageing and old age in birds. In view of the marked and consistent changes which accompany ageing in a variety of species of animals (Strehler, et al., 1960) , there are probably useful morphological or physiologi-cal age characters to be discovered for many species of birds. Our data show that the brain in passerine birds continues to lose weight beyond the time when other commonly used marks of age disappear. This poses the question of whether the brain continues to lose weight throughout the life of the individual, as in the case of man (see preceding discussions). If so, brain weight could have utility in ageing populations of birds in much the same way that the eye lens has been used in ageing mammals (Lord, 1959) . In species, such as the northern thrushes and warblers, which have a well synchronized, relatively short reproductive period in their annual cycle, we might logically expect that the weights of brains from a sample of adult birds would show a "clumped" (polymodal) distribution. The clumps (modes) would represent different age (year) classes, and the spaces between modes would represent the months of the annual cycle in which no production of young occurred. This hypothesis could be tested statistically with a very large sample of birds, such as that reported by Kemper (1964) Although we have emphasized intraspecific variation in the brain, interspecific variation in brain size and structure among birds has long intrigued ornithologists (Turner, 1891; Portmann, 1942; Sutter, 1951; Stingelin, 1960 ; and others). Within rough limits, organ weight (size) is genetically tied to the size of the animal. To compare the size of the brain between different species, therefore, gross size of body should be taken into consideration. Amadon (1943: 176) pointed out that weight measurements reflect differences in general size more sensitively than do linear measurements, and we have used weight as an index to the size of the brain and body. Our impression of the size of the body based on weight of a given bird may be vastly distorted, however, because of large accumulations of stored fat on the bird' s body. Such accumulations are particularly characteristic of long-distance migrants (Odum, 1960:575) like those considered in the present study. Even among these migrants, the amount of body fat varied greatly from species to species. Based on published fat-free weights, the fat load in our migrant specimens varied from about 17 per cent (of lean weight) in female Swainson Thrushes to 75 per cent in female Bobolinks. The amount of fat in the brains of these specimens also varied from species to species (table l), but Bobolinks, which carried by far the greatest fat load, did not have the fattest brains. Furthermore, within a species, fat individuals had no more fat in their brains than lean individuals. Because body fat has no apparent bearing on brain weights and distorts our impression of body size, it seems logical to base interspecific comparisons of brain size on fat-free gross weights ( fig. 9 ) rather than on standard gross weight.
On this basis, it is clear that brain weight, relative to body size, varies considerably from species to species. In general, brain size (relative to body size) decreases as body size increases ( fig. 9) 
SUMMARY
Postnatal growth of the brain in the House Sparrow involved an initial stage of marked hydration early in the nestling period, followed by pronounced increment of the protein and lipid constituents of the brain in the pre-and post-fledging period. Although in the House Sparrow, brain weight reached a peak in about 40 days, there appears to be marked variation between bird species in the time required to reach maximum brain weight. Immature migrants of several species, killed in migration at an Illinois television tower in late September, were still apparently adding to the water, protein, and lipid makeup of their brains, although they were hundreds of miles south of their breeding grounds.
In all passerines for which data are available, brain weight reaches a peak before skull ossification is completed, then declines as the bird matures. In this pattern of growth and decline, there appears to be greater similarity between altricial birds and mammals than between altricial birds and precocial birds. The decline in brain weight associated with maturation involves mainly a loss of water from the brain. In nearly all species examined, the actual weight of lipids in the brain was higher in full grown immatures than in adults. Lipid content of the brain probably reaches a peak either late in juvenal life or in young adult life, and then it declines. That the percentage of fat in the brain is higher in adults than in juveniles merely reflects the great weight loss, through dehydration, which accompanies maturation. The brain continues to lose weight beyond the time when other commonly used marks of age disappear. If the brain continues to lose weight throughout the life of the individual, then brain weight data may have utility in ageing specimens for population studies.
It is hypothesized that apparent interspecific variation in brain size may actually be age variation. The hypothesis needs to be tested by studies on known-aged birds. The brains of species having large amounts of body fat did not necessarily have high fat content, and, within a species, fat birds did not have more brain lipid than lean birds.
